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Abstract: Proposed fault control method

in digital systems. He was developed with deductive simulation. Was

proposed to use standard IEEE 1149.1 Boundary scan for control additional virtual outputs.

INTRODUCTION

As necessary to increase speed of modeling aids
and test quality defined actuality of this work. Now
we have different test methods, such as Boundary
Scan standard, Scan Path method. In this work
presentation fault control method.

Test object is digital system, which represented in
structure functional form.

Exploration goal is make single fault simulation
method for test quality rating.

Exploration task is elaborate new algorithm for
reconvergent fan-outs analysis and tree segments
analysis for fault simulation.

On basis of Boundary Scan technology proposed
that method, which will allowed decrease number of
test-vectors and improve test quality at the most.

Input lines don’t consider, because this lines
directly operated.

We can test internal lines in the digital circuits.
Was supposed device testing on gate and RTL

levels.
Number of control point calculated from
CAMELOT method.

HOW TO CALCULATE CONTROL
POINTS

At first, calculated controllability of all lines.
Further, calculated arithmetic average of
controllability and take that values, which smaller
than arithmetic average controllability value. Also,
reconvergent fan-outs are marked like control points.
Control points are marked like additional virtual
outputs, because making physical additional
outputs will be very expensive.

— Kp.2
K.p.4
K.p.5
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Fig. 1. Circuit with control point.

Arithmetic average of controllability for this
circuit is equal to 0,49421.

As figure show, controllability (C) of K.p.4 =
0,375; C(K.p.5) = 0,25; C(K.p.6) = 0,25; K.p.1,
K.p.2., K.p.3 are reconvergent fan-outs.

This method was verified on ISCAS’2000
circuits.

By using back traced deductive simulation we
obtained that results:

By pseudorandom test (1000000 vectors):

Test quality — 98%;

Number of test vectors — 56.

By using proposed fault simulation methods we
obtained that results:

Test quality — 100%;

Number of test vectors — 35.

CONCLUSIONS

This method
integration circuits.
In this work was described different fault
simulation methods, but proposed method with

oriented on very-large-scale
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Boundary Scan technology allows to make test
quality better noticeably and minimize him.

ADVANTAGE:

1. Algorithm allows analyse that faults, which
not change values on the outputs.

2. This testing method allowed to control
100% of faults.

DISADVANTAGE:

1.  We must to increase test pattern for testing
very large-scale integration.
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BUKOPUCTAHHA IPPAHUWYHOIO CKAHYBAHHA B ULUD®POBUX
NMPUCTPOAX

MapuHa KamiHcbka

XapKiBChKUII HAI[IOHANBHUH YHIBEPCUTET PaIiOeNeKTPOHIKH,
Kadenpa aBromaru3zaiiii Ta mpoeKTyBaHHSI 00YHCIIOBAIBHOT TEXHIKH,
np. Jlenina, 14, Xapkis 61726, Ykpaina

Pe3rome: [Ipononyemuvcs memood nepesipku HecnpagHocmel 8 yu@poeux cucmemax. Bin pospobrenuil Ha OCHO8I
0edykmueHo2o memody. Ilpononyemocs euxopucmarnus cmanoapmy IEEE 1149.1 Boundary Scan ons kommponio

000amKoBUX BIPMYATbHUX BUXO0DI8.

BCTYN

AKTyalbHICTh JaHOI pPOOOTHM BHU3HAYAETHCS
HEOOXITHICTIO TTOKpAIleHHs IIBHIKOMIII  3aco0iB
MOJICIIIOBAaHHSI, TIOKPALICHHS SIKOCTI TECTy Ta HOTO
MiHiMizamii. L[impHICTh pO3MIlIEHHST TPaH3UCTOPIB
Ha KpHCTaIax MikpocxeM gocsria 200 moH. Ha 1

cM2. Bucoki BHUTpaTH, OOYMOBIIEHI CKJIQJHICTIO
MEePEBIPKA  CKJIQJHUX KOMIIOHEHTIB CXEMH Ha
BIJIMOBIIHICT, ~ TEXHIYHUM  BUMOTaM, MOXKYTh
BHUKIIMKAaTH CKIQJHOCTI B peanizamii mpoekty. Ha
med dac ICHYIOTh pI3HI METOAW TEPEeBipPKH
HEeCTpaBHOCTEH B cxemax, Taki sk cragaapt I[EEE
1149.1 Boundary Scan, wmerton Scan Path ta iioro
peamizamis ¢ipmoto IBM, sKy 3HaIOTH mix Ha3BOO
LSSD (Level Sensitive Scan Design). Omun 3

METO/IiB MO/ICTFOBaHHS HECTPaBHOCTEH
MIPEJICTABJICHO B JIaHiil poOOTi.

O0’€exT TECTyBaHHSA - NH(pPOBa CHCTEMA,
OpejicCTaBlieHa B CTPYKTYpHO-QYHKIIOHATBHIH
thopmi.

Mera mocmimKeHHS - po3poOka  Meroaa
MOJICITIOBAHHS MOOMHOKHUX KOHCTaHTHHUX
HECHPaBHOCTEW IS  OIIHKH  SKOCTI  TECTiB
MUPPOBUX CUCTEM.

3amaua MOCIIKEHHS:  pO3poOKa  HOBHX

QITOPUTMIB CTPYKTYPHOTO aHAI3y pPO3TaTyKEHb,
o cxoxsatees (CP) Ta mepeByBaTHX CErMEHTIB IS
MOJICJIMIOBAHHS HECIPaBHOCTEH.

1. MOCTAHOBKA 3A[0A4YI TA

TEMATUKA OOCHIAXEHb
JocmimkeHHs, 11(0) MIPOTIOHYIOTHCA,
BUKOpUCTOBYIOTH cTaHgapT IEEE 1149.1 Ta

JIO3BOJISIIOTH BUKOHYBATH BepUQiKaIlilo MPUCTPOIO,
10 PO3MILIYETHCS HA KPUCTATI.

Merton TectyBanHs boundary scan OyB BBeACHHIA
JUI CHPOIICHHSA TECTYBaHHA  JAPYKOBaHUX ILIAT,
AKHH Ma€ TakoX 1 JApyre HaliMeHyBaHHS — Joint
Test Action Group. 3apa3 OUTBIICTE €MTEKTPOHHUX
IOPUCTPOiB, 110 BHUIIYCKAIOTHCS, MIATPUMYIOTb
boundary scan TecTyBaHHS.

Mertonuka TecTyBaHHS 3  BHKOPUCTAHHSIM
boundary scan apXiTekTypu peajli3oBaHa Ha
MIKPOTIPOIIECOPI, 10 MAa€E MapajeiibHy apXiTEeKTypy.
CxeMa Takoro MPUCTPOIO MpEACTaBIsAe€ COOO0I0
MaTpHLIO, KOJKHa KOMipKa SIKOT €
MIKpOnpomecopoM 3 BOYIOBaHOI MaM’SITTIO Ta
3acobamu  mepenadi  moBimomiieHb.  Kowmipku
po30MBaIOTBECS  HA  TIPynH, KOXHA 3 sKOI
mia’ emNHYyEThCS 10 boundary scan perucrpy ta Mae
onuH TAP-xonTponep. TecTyBaHHS BHKOHYETHCS
Mo TPpymaM, B SKHX YCi KOMIpPKH IEpeBipSIOTHCS
omHOYacHO. B  pa3i mosBM  HECHPaBHOCTI,
BUKOHYETHCS cIipoda 11 Jokamizarii.

B namomy Bunanky nepeadadaeTbesi TECTYBaHHS
BHYTpIIIHIX JHI CcXeMH, fKi BHU3HAYAIOTHCS SIK
JOJAaTKOBI  TO4ukM KoHTpomwo. Ha  pucysky,
NpUBEACHOMY  HIDKYE II0OKa3aHa  apxXiTeKTypa
boundary scan, 1o peanizye el TPUHIATL.

Ha ocHOBi TexHomorii boundary scan
MIPOTIOHYETHCSI PO3POOUTH TaKUN METOIN, KU Ou
JO3BOJIUB 3MEHIIUTH KUIbKICTh TECT-BEKTOPIB Ta
MaKCHMaJIbHO HOKpALUTU AKICTh TECTy.
Ilepenbauaerbcs TECTYBaHHS CHUCTEM,
NpeACTaBICHNX Ha BEHTWJILHOMY PiBHi. ['00BHOIO
METOI0 TECTOBOTO aHaNi3y Ha piBHI KpucTama €
TepeBipka HECITPaBHOCTEH €JICMCHTIB.
HecmpaBuicTio  Moxxe Oyt oOpuB  JiHii,
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BUHUKHEHHS KOHCTAHTHOI HECIIPABHOCTI HyJs a0o
OJIMHUILII.
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Puc. 1. ba3oBi komipku.

TecT-BeKTOp, 10 MOJAETHCS HA CXEMY, BIUIUBAE
Ha BUMMI KOHTaKTH CXEMH, TOOTO Ha Oe3rmocepeiHi
BXIi/IHI KOHTaKTH CXEMH, [0 KEPYIOThCS.

B [1] TecryBaHHS pO3MOAUIAETECI HA TPH
OCHOBHI MpOIENypH: TEHepalis TEeCTiB, OI[iHKa
e(eKTUBHOCTI  TECTiB, peaji3alis  TECTOBOTO
JIarHOCTYBaHHA. BUKOpPHCTaHHA IMX MPOIEIyp
no0pe BHIHO B IIPEICTABICHOMY METOII.

EdexkTuBHICTP METOAYy BHU3HAYAETHCS
TECTy.

Meton ocHOBaHUII Ha BBEIEHHI JOAATKOBHUX
(BipTyanpHuX) BHUXOAIB B cxeMi. KimbKicTh
BHXIIHUX JIiHI} BU3HAYAETHCS [UIIXOM BU3HAYCHHS
KepyH4YOCTI  BY3JiB CXeMH Ta  HPUCYTHOCTI
pO3Tally IKeHb, 10 CXOSATHCS.

SKICTIO

2. MOOENb AHANIZY
HECMNPABHOCTEM

Taka Momenb Moxke OyTH OTpHMaHa Ha OCHOBI
MOJEITi e AYKTHBHO-TIAPAJICTLHOTO aHAITi3Y.

B wnamomy Bumanmky ¢opmyna AeIyKTHBHOTO
aHaiizy OyJe MaTH TaKWid BUTIIS;

L =T @(F,f), D

" F=(f i

fy)(i=m+1,n)
MomudikoBaHa (YHKIsSI CHpaBHOI TOBEAIHKA
npuctporo. Oynkuig f Mae Micie B TOMY BHIIAAKY,
KOJIN BHUXi] JIOTIYHOTO ENEMEHTY € JI0JAaTKOBOIO
TOYKOI0 KOHTpOoIIo ab6o PC.
Js BU3HAYCHHS TOYOK

BUKOPUCTOBYETHCA HACTYIIHA Q)OpMy.]'Iai

KOHTPOJTIO

n
K, :‘21 K1 +CP+Y., (2)
1=

ne KBuX — KUIBKICTh BUXIIHMX JIHIA B cxeMi
MiCIIsl IEPEeTBOPEHB; Y1 - KUTBKICTh BUXO/IB B CXEMi
o meperBopeHb; K.T.i - KIIBKICTb KOHTPOIBHHUX
TOYOK B cxeMi; PC —po3ramy>keHHsI, IIT0 CXOIATHCS.

Kinbkicth KOHTPOJIBHUX TOYOK Kori
BU3HAYAETHCS [UIIXOM OOYHCIICHHS CEPEeIHBOTO
apu(METHIHOTO KEepyIUOoCTi JiHIH cxeMu (Kpim

BXxigHUX). Jlms 1pOro BH3HAYAETHCA cepeaHe
3HAYCHHS 32 (OPMYJIOHO:
n m
> CY. + > CY .Bux
i=1 1 =l J
ch - ) 3)
n+m
n
_ZCYi
e =l - cymMa 3HaueHb KepyIuoCTi
BHYTPIIIHIX JIiHIA CXeMH;
§'CY.
A JBux
-cyMa  3Ha4eHb  KEPYKOYOCTi
BHXO/IB CXEMHU.
n i m — KUIBKICTh BHYTPIIIHIX BHUXOIIB i
KUIbKICTh ~ OE€3MOCEepe/IHIX  BHUXOMIB B CXeMi

BigmoBiaHo. Ilicns 4oro mpoBOOUTHCS MOPIBHSHHS
3Ha4YeHb KepyrdocTi 3 koedimierrom Kcp. Axmmo
KEepYyIOUiCTh JIiHIT MEHINE CEpPeIHbOTO 3HAUYCHHS, TO
B IIbOMY Micli Oye IpUCYTHS TOYKa KOHTPOIIO.

VY  BigmosigHOCTI 3 QIrOpUTMOM aHaji3y
HEOOXITHO MaTW BHYTPINIHIO MOJECNH CIIPaBHOI
MOBEIHKH CXEMH y BUTIISIII BIATIOBITHUX CTPYKTYP
JaHMUX, IO PO3MILIYIOTHCS B ONEPAaTUBHIN mam’sTi
Ta OpPIEHTOBaHMUX Ha OOPOOKY eleMeHTa IUPPOBOTO
npuctpoto (Pucynok 2) [3].

Bxomu X

BusnaueHHs K.T.

Buxomun Y

l Y (CY, Q)

Puc. 2 - CTpykTypHa MoJeJib aHATI3Yy cXeMH

Inakmre, mo0 BHU3HAYUTH KUIBKICTH TECT-
BEKTOpiB, HEOOXiMHO cOpMyBaTH TaKy KiJbKiCTh
JIOJJATKOBUX KOHTPOJBHUX TOYOK, KA 3aJeKHUTh BiJl
skocTi Tecty Q Ta kepyrodocti CY.
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TakuM 4YHMHOM, TMIpEICTaBICHA MOJENb MOXE
OyTH BUKOpHCTaHa JJsl aHaJi3y HECHpaBHOCTEH B
nM(ppPOBUX CHCTEMaxX Ha BEHTUIHHOMY PiBHI.

3. AliFTOPUTM AHANI3Y
HECIMNPABHOCTEW

JocnimkeHHs TpoBOAMIKCh Ha cxemax 3 CP.

HeoOxinHo BuW3HaumTH MiHIPHCEHY KiTBKiCTh
KOHTPOJNBHUX JIHIA Ha cXemi, sKi OyayTs
JIOJIATKOBO CKAaHYBATHUCS 3a JIOMIOMOTOI0 CTaHAAPTY
boundary scan. Mu He MoOXeMO 3poOuTH Ui
BipTyasibHI BUXOAU (DI3MYHUMH KOHTAaKTaMH, TOMY
1110 OTPiOHO Oye Mmij’€HYBaTH JIOTIYHUIA €JIEMEHT
J0 LBOT0 BUXOHY, a Le HaaTro poporo. HabGararo
JemeBiie Oyle TPOCTO CKaHYBaTH JIOJATKOBY
miHio). B xomi mocmimkeHbh IS OTpUMaHHS

pe3ynpTariB  Oyna  BHKOpPHCTaHA nporpaMa
rerepariii TectiB FSIMgui, po3pobnena B ¢ipmi
ALDEC.

KinbkicTh KOHTPOJBHHUX TOYOK BHU3HAYAETHCS
LUISIXOM OOYHMCIICHHS 3HA4YeHHS KEPYIOYOCTi JIiHIH
CXEMH.

1. Bxigai miHil HE BpPaxXOBYIOTHCSA, TakK SK
Ma€ThCsl Ha yBa3i, MO0 BXIiJHI KOHTAKTH CXCMH
0e3nocepeIHbO MEPEBIPAIOTHCS.

2. Bu3HadaeMo 3HaUEHHS KEPYIOUOCTI yCiX JIiHIH
cxemu. Koedinient mnepemaui kepyrodocti (CTF)
BHXOJly € MIpOI0, IO XapaKTepu3ye CTYIIiHb
BIZIMIHHOCTI MOKJTHBOCTI TIPHCTPOIO TEHEPYBATH Ha
JAaHOMY BHUXOJiI 3HAueHHS | Big MOXKIHUBOCTI
reHepyBatu 3HaYeHHs (.

3raueHdss CTF oO0uucitoeTsecst TAKMM YHHOM:

o [NO)-NOD)| @
N(0)+ N(D)[

ne N(0) - KiTpKiCTh YCiX CIOCO0iB yCTaHOBKH
JOTiYHOTO HYyJsl Ha BuXoai mnpuctporo; N(1) -
KUIBKICTh yCiX CHOCOOIB YCTaHOBKH JIOTi4HOI 1 Ha
BHXOJ1 IPUCTPOIO.

3HaYeHHS KepYIOUOCTi BEHTHIIS JOPiBHIOE:

CY =CTF(Z1)-flCY(Z1)], (5)

ne f[CY(Z1)] - cepenne apudmeTudHe
KEepYIOYOCTi BXOJIB, 110 KEPYIOTh BY3JI0M Z1.

3. BwuzHauaeTscs  cepemHe  apuPMETHIHE
3Ha4YeHHs Kepyrouocti Kcp ycix miHii cxemu (Kpim
BXITHHUX).

4. KoHTpOJIbHUMH TOYKaMHU OYIyTh BimMideHi Ti
JiHIT CXeMH, 3HA4eHHS KEpPYIYOCTi SKHUX MEHIIE
cepennboro 3HadeHHsa Kep.

5.KOHTpOJILHUMHU TOYKAMH TaKOXK BIJAMIYaIOThHCS
MICIIS Ha CXEMi 3 PO3TaTYPKEHHSIMH, [0 CXOASTHCS.

4. PEANI3AUIA OOCNIAXEHDb

Ha pucyHKYy KOHTPOJIBHUMH TOYKaMH ITO3HAUYCHI
Ti JTHI], Je 3HAaYeHHS KepPyI4YOCTi MEHBIIe
cepenHboro 3HaueHHs Kcp. B nHamomy Bunagky
Kep = 0,49421. CY (K.t.4) = 0,375; CY (K.1.5) =
0,25; CY (K.r.6) = 0,25. K.1.1, K12, K13 —
pO3ray>KeHH, [0 CXOIATHCSL.

>_

Puc. 3 - Cxema 3 KOHTPOJILHUMH TOYKAMH.

3anponoHoBaHuit MeTon OyB TepeBipeHMH Ha
cxemax craggapty ISCAS’2000. Tak, mpu
MOJICTIOBaHHI HecrmpaBHOCTed Ha cxeMi c432isc
3BOPOTHIM  JeIyKTUBHO-TIApAJeTbHUM  METOJOM
Oynu oTpUMaHi Taki pe3yabTaTH:

MpH  TeHeparii TCEBIOBUIAAKOBOTO  TECTY
(1000000 BekToOpiB), AKICTH TecTy - 98%; KiTBKICTH
MepeBipOYHUX BEKTOPIB - 56.

[Ipu MonenroBaHHI 3aPONOHOBAHUM METOOM:

pu TeHepartlii ncesgoBumankosoro Tecty (1000
BEKTOpOB), sKicTh Tecty - 100%; KUIbKiCTh
NepeBipOYHUX BEKTOPIB - 35.

B nmaniii cxemi 36 BXOIiB U 7 BUXOXIB.

Ha pucyHKy HIXYE TOKa3aHO MOPIBHSIBHHMA
aHaJji3 3 IHIIUMH METOIaMH.

Bpewms, M:c
12:57,6
11:31,2 1— = AMN-meToa /

= TOAMmeTo /

10048 17 O,Ell'u'kmeTo.uﬂ /
08:38,4 1— = B3-meT0A
07:12,0 /
05:45,6 / /
04:19,2 / /
02:52,8 // /
01264 / /
00:00,0 /”"‘//‘/—. B ——

c6288 c¢10000 15000 c20000 c25000 c30000 c35000 c40000
Puc. 4 - AHajiz mBHAKOAIl MeTOIiB MOIeTIOBAHHS

HII-MeTon - nenyKTUBHO-TIapaeIbHU METO

TOMAIl-metox - Tomojoriynuid 3BopotHid JI1-
METO.

OJll-meton - 3BopoTHiit JAI1-mMeTon
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BS-meton - MopentoBaHHS 3 JIOTIOMOTOIO
texHouorii Boundary Scan.
5. BUICHOBKHA
3anpornoHoBaHU METO/T MOJICTIOBAaHHS

OpieHTOBaHUI Ha 00pOOKY HAICKIATHUX IMH(PPOBUX
CHCTEM.

B poGori Oynmu omnucani pi3Hi MeTomu
TECTyBaHHS NHU(POBHX CHUCTEM, THM HE MEHIIIE,
3aMporOHOBaHUN METOJ IO03BOJSIE 3 JOIIOMOTOIO
TexHoJorii  boundary scan 3HaYHO MOKPALIUTH
SIKICTh TECTY Ta MiHiIMi3yBaTH HOTO.

IlepeBaru merony:

1. Metox no3Bosie aHaJi3yBaTH Ti
HECHPABHOCTi, $Ki HE 3MIHIOIOTh 3HAYCHHS Ha
BUXOZI.

2. Jlanu#i MeTOol  TECTYBaHHS  JO3BOJISIE
niepeBipstu 100% HecnpaBHOCTEH B cxeMmi.

Henomnixu metony:

1. Ilpw HasIBHOCTI HAIBEITUKHUX CXEM HEOOXiTHO

30UIBLIYBATH  KUIBKICTh  IEPEBIPOYHUX  TeCT-
BEKTODIB.
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